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ABSTRACT 


Historical ecology is presented as a complementary approach to evolutionary ecology. The prime 
distinction between the two approaches is the use of direct estimates of history in explanations by the 
former and of indirect estimates of history by the latter. Direct estimates of history are obtained by 
using phylogenetic systematics. They require analysis of many species simultaneously. Indirect esti- 
mates can be applied in individual cases and include such concepts as: (1) equating number of species 
in an ecological association with the age of the association; (2) equating the geographic range of a 
species with its age; and (3) equating the specificity of ecological interactions with the length of time 
species have been associated. Historical ecological methods have been applied in three general areas: 
(1) the historical context of geographic distribution patterns; (2) the historical context of ecological 
associations; and (3) the historical context of particular ecological life history traits. A unified quan- 
titative approach allows historical ecological analysis for individual clades or aggregates of clades. 
Among the most interesting general conclusions that are forthcoming from the historical ecological 
perspective are those that differ from the evolutionary ecological view. These include: (1) ecological 
diversification lags behind morphological diversification historically; (2) degree of specificity is not a 
thoroughly reliable indicator of the age of an association; (3) resource tracking models of coevolution 
seem to include unacceptable assumptions; and (4) maximum competition scenarios are indistin- 


guishable from random association scenarios. Future studies promise to be fruitful. 


A number of fundamental and general ques- 
tions have held the attention of ecologists for 
over a century. Why are species distributed in 
the manner they are? Why are certain species 
associated with each other ecologically, and how 
long have such associations existed? And, why 
do certain species have the ecological life history 
traits they do, and under what circumstances did 
those traits emerge? In the past 125 years, biology 
has operated under an evolutionary paradigm, a 
stance that I think has been undeniably produc- 
tive. The search for causal mechanisms respon- 
sible for observed attributes has concentrated on 
evolutionary, that is historical, mechanisms. In 
ecology, this has led to the emergence of the field 
called evolutionary ecology. 

In presenting what I will call historical ecology 
as a newly-emerging field, I do not wish to ignore 
the contributions of previous workers who were 
interested in problems of history and ecology. 
From the standpont of parasitology, at least, my 
views simply represent the most recent refine- 
ment of a tradition extending back over 90 years. 

Von Ihering (1891, 1902) was impressed by 
faunal similarities between southern South 
America and Australasia and faunal differences 
between northern and southern South America. 
In the first study, von Ihering used data con- 


cerning the distributions of temnocephalid tur- 
bellarians and their crustacean hosts to postulate 
an ancient freshwater connection between South 
America and Australasia. He reasoned that if 
similar appearing hosts were inhabited by the 
same or closely-related parasites they were them- 
selves closely related and not products of con- 
vergent evolution. In the latter study, von Ihering 
considered parasitic helminths in assessing the 
origins and evolution of South American mam- 
mals. He concluded the following: (1) North and 
South America were not connected in their pres- 
ent configuration until the Pliocene, (2) South 
American mammals include an autochthonous 
element, that originated and evolved in South 
America, and a heterochthonous element that 
invaded South America from the north subse- 
quent to the Pliocene, (3) helminths of the au- 
tochthonous mammals are highly endemic 
whereas the helminths inhabiting the heteroch- 
thonous mammals include many occurring in 
other, Holarctic, mammals. Von Ihering asserted 
that data on host—parasite relationships in gen- 
eral constituted a “. . . valuable aid in analytical 
study of zoogeography and paleogeography.” 
Kellogg (1896) suggested that avian biting lice 
gave evidence of the genetic (= phylogenetic) re- 
lationships between their hosts. “The occurrence 
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of a parasitic species common to European and 
American birds, which is not an infrequent mat- 
ter, must have another explanation than any yet 
suggested. This explanation I believe is, for many 
of the instances, that the parasitic species has 
persisted unchanged from the common ancestor 
of the two or more now distinct but closely-allied 
bird-species” (Kellogg, 1896: 51). As examples, 
Kellogg (1913) listed shared mallophagan species 
in American and European avocets, coots and 
bitterns, American and Old World water-ousels 
and kinglets, and New World and Old World 
crows. Kellogg and Kuwana (1902) found that 
19 of 44 (43%) mallophagan species collected 
from Galapagos birds also occurred on Central 
and North American birds. 

An Australian student of avian mallophaga, 
Harrison (1911, 1914, 1915a, 1915b, 1916, 1922) 
considered host-parasite data significant for phy- 
logeny reconstruction, using the same rationale 
as Kellogg. “Owing to both environment and 
food remaining unchanged through the centuries, 
these insects have not differentiated as fast as 
their hosts, and afford indications of original re- 
lationship between birds that have diverged 
widely from parent stock” (Harrison, 1911). Fol- 
lowing the above-cited papers which concerned 
elucidations of avian phylogenetic relationships 
using parasite data, Harrison began using para- 
site data to support the notion of ancient Aus- 
tralia-Antarctic-South American land connec- 
tions (Harrison, 1924, 1926, 1928a, 1928b, 1929). 
Harrison’s work influenced some conclusions 
published by Johnston (1912, 1914, 1916) con- 
cerning phylogenetic relationships of hosts in- 
habited by the same or closely-related parasite 
species. 

Metcalf, an American protozoologist, pub- 
lished a number of papers (e.g., 1920, 1922, 
1923a, 1923b) in which he examined the paleo- 
geographical and phylogenetic implications of 
opalinid ciliates and their anuran hosts. In 1929, 
Metcalf published a summary account of the ideas 
of von Ihering, Kellogg, Harrison, and himself, 
and concluded that all four had arrived at the 
same conclusions independently but that no one 
had added to the approach advocated by von 
Ihering. Therefore, he suggested that the appel- 
lation, “the von Ihering Method,” was appro- 
priate for studies of the historical relationships 
among hosts, parasites, and geography. 

The above authors used a method based on 
occurrences of the same parasite in similar hosts 
in disjunct geographical regions. Fahrenholz 
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(1913) discussed the phylogenetic significance of 
host-parasite relationships without regard for 
geographical distributions and without any as- 
sumption that hosts speciate while parasites do 
not. Fahrenholz (1913: 371) stated (author’s 
translation): “From studies of parasitic mites in 
1907, the question occurred to me: Is it possible 
to make definitive conclusions about their [hosts] 
phylogeny from the occurrence of the same or 
related parasites in different hosts? This state- 
ment should be answered in the affirmative. Be- 
cause parasites are dependent, as living creatures, 
on their surrounding living conditions, so in gen- 
eral should the same type of parasite occur in the 
same type of host and with hosts of differing form 
the parasites should deviate from one another to 
the same degree as their hosts are related by kin- 
ship [verwandt sein].” 

Hennig (1966) suggested that Fahrenholz con- 
sidered host-parasite relationships a matter of 
general habitat preference and not phylogenetic 
phenomena. For example: “Obviously blood- 
sucking parasites —here the lice— must have par- 
ticular dependence on the blood of the host so 
that the true lice (Anoplura) in varying hosts de- 
viate from one another to a degree in the way 
the blood of the latter is different. Consequently, 
the lice would clearly mirror the blood relation- 
ships (Blutverwandschaft) of the respective host 
animals to a certain degree” (Fahrenholz, 1913: 
372). Although the use of verwanden is ambig- 
uous, I believe that Fahrenholz considered host- 
parasite information valid data relating to host 
phylogenies: “Thus one conclusion: on the 
grounds of the lice brought forward for discus- 
sion—in agreement with the blood studies—the 
catarrhine monkeys (Menschenaffen) stand much 
nearer to humans than to the remaining apes” 
(Fahrenholz, 1913: 374). 

Thus, between 1891 and 1923 at least five 
workers arrived independently at similar con- 
clusions, namely that host—parasite relationships 
were a manifestation of a phenomenon pertinent 
to phylogeny or historical changes. Subsequently, 
a number of authors attempted to explain par- 
asite relationships in terms of hosts and for- 
mulated general “rules” about the evolution 
(= phylogenesis) of hosts and parasites (An- 
drews, 1927; Baer, 1948; Cameron, 1964; Dar- 
ling, 1921; Dogiel, 1964; Dougherty, 1949; Ei- 
chler, 1941a, 1941b, 1948; Ewing, 1924, 1926; 
Hegner, 1928; Hopkins, 1942; Kirby, 1937; 
Manter, 1940, 1954, 1955, 1963, 1966; Metcalf, 
1940; Pritchard, 1966; Stammer, 1957; Szidat, 


662 


1956, 1960; Zschokke, 1933). The rules form a 
small group of interrelated concepts: 

1. Fahrenholz’s Rule (see Eichler, 1941a, 
1941b; Stammer, 1957; Cameron, 1964; Dogiel, 
1964; Hennig, 1966; Ashlock, 1974): Parasite 
phylogeny mirrors host phylogeny. 

2. Szidat’s Rule (see Szidat, 1956, 1960): The 
more primitive the host, the more primitive the 
parasites it harbors. 

3. Manter’s Rules (see Manter, 1955, 1966; 
Inglis, 1971): (1) Parasites evolve more slowly 
than their hosts; (2) the longer the association 
with a host-group, the more pronounced the spec- 
ificity exhibited by the parasite group; (3) a host 
species harbors the largest number of parasite 
species in the area where it has resided longest, 
so if the same or two closely-related species of 
host exhibit a disjunct distribution and possess 
similar faunas, the areas in which the hosts occur 
must have been contiguous at a past time. 

4. Eichler’s Rule (see Eichler, 1941a, 1941b, 
1948; Inglis, 1971): The more genera of parasites 
a host harbors, the larger the systematic group to 
which the host belongs. 

Two concepts of ecological associations ap- 
peared independently and nearly simultaneous- 
ly, in systematics (von Ihering, 1891 and others 
discussed above) and in ecology (e.g., Verschaf- 
felt, 1910; Brues, 1920). Almost immediately, 
specialists in each field found themselves in dis- 
agreement with each other regarding their un- 
derstanding of the causes and manifestations of 
such associations (e.g., Dunn, 1925). This was 
due, in my opinion, to differences in interests or 
motivations coupled with a similar methodolog- 
ical approach. To a great extent, systematists were 
trying to record what had occurred between host 
group and parasite group during the course of 
phylogenesis. This was accomplished by describ- 
ing as many associations as possible in terms of 
the hypothesis that members of the association 
exhibited congruent phylogenies. Often, the no- 
tion that such congruent phylogenesis was also 
related to changing geography was also included. 
Ecologists, however, were intent upon trying to 
determine if there was any historical (i.e., phy- 
logenetic) significance to the interactions they 
observed. Most recent discussions have followed 
Ehrlich and Raven (1964), who asserted that such 
studies provide little data concerning phyloge- 
nies: “Although the data we have gathered per- 
mit us to make reasonable sequence predictions 
about phylogenetic patterns ..., these predic- 
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tions cannot be tested and the relationships can- 
not be specified further in the absence of a fossil 
record. The reconstruction of phylogenies on the 
basis of this sort of information would seem an 
unwarranted imposition on the data, since evo- 
lutionary rates and time are inseparable.” Other 
ecologists had felt somewhat differently. Brues 
(1920: 315) wrote: “As we might naturally [em- 
phasis mine] expect, it is possible to point out 
in a very general way a progressive specialization 
in the selection of food-plants which parallels to 
some degree what appears to have been the path 
of evolution among insects, as determined by the 
criteria furnished by comparative anatomy, de- 
velopment, and paleontology.” 

Between 1940 and 1966, the connection be- 
tween systematics and ecology certainly became 
attenuated. The former assumed a progressively 
more passive role in evolutionary biology, sum- 
marizing the findings of the latter. There is a 
noticeable lack during this period, at least in par- 
asitology, of direct comparisons between host and 
parasite phylogenies, and a steadily increasing 
reliance on degree of host specificity as the best 
indicator of historical association. In my opinion 
this was due to two different aspects of the emer- 
gence of neo-Darwinism as the prevailing evo- 
lutionary theory. The most obvious aspect is that 
neo-Darwinism is a theory of ecological deter- 
minism; various ecological factors operating on 
random variation produce historically contin- 
gent evolutionary change. Under such a para- 
digm the determination of close ecological in- 
teractions is much more important than matching 
phylogenies, whose congruence or lack thereof 
has little consequence for the theory. It is also 
possible that matching phylogenies seemed too 
much like directed evolution to many neo-Dar- 
winists. Indeed, Kellogg wrote about the demise 
of Darwinism at the turn of the century and Met- 
calf was a leading spokesman for the American 
orthogenesis movement (Bowler, 1983). For 
whatever combination of reasons, attempts at 
explicit assessment of the historical components 
of ecological associations played a minor role 
during a period of more than 25 years. 

Manter (1966) attempted to generalize host- 
parasite relationships further by describing par- 
asites as a subset of the total characters of a given 
host species available for use in phylogenetic 
analysis. Hennig (1966) expressed similar views 
but considered symbiont data a form of ‘“‘cho- 
rological” data to be fitted a posteriori to the 
host-group cladogram. He further stressed com- 
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parisons of parasite data and geographic distri- 
bution data (chorological data sensu strictu). 
Manter (1966) stated: “Parasites . . . furnish in- 
formation about present-day habits and ecology 
of their . . . hosts. These same parasites also hold 
promise of telling us something about host and 
geographical connections of long ago. They are 
simultaneously the product of an immediate en- 
vironment and of a long ancestry reflecting as- 
sociations of millions of years. The messages they 
carry are thus always bilingual and usually gar- 
bled.” 

In 1972, H. H. Ross published two papers 
(1972a, 1972b) that dealt with explicit assess- 
ment of the historical context of ecological di- 
versity in communities, especially of insects. Ross 
asked: “What are the ecological shifts which have 
occurred during phylogenesis?” “How do they 
arise?” and “How often do they arise?” By eco- 
logical shifts, Ross meant geographic and host 
changes, as well as changes in ecological life his- 
tory traits. I consider these studies to comprise 
the seminal papers in the field which I will call 
historical ecology. 

It will be my thesis in this review that evo- 
lutionary ecology as a field attempts to answer 
historical questions by using indirect estimates 
of history. This is not meant to be a criticism of 
evolutionary ecology. Rather, it is meant to pro- 
vide a distinction that hopefully will make it 
possible to show that there is a place for a com- 
plementary approach. I will refer to this com- 
plementary approach as historical ecology, dis- 
tinguished by virtue of its dependence on direct 
estimates of history in formulating evolutionary 
explanations for ecological associations. 

I will begin by stating what I consider to be 
indirect and direct estimates of history. By in- 
direct estimates, I mean such as the following: 
(1) equating the number of species in an ecosys- 
tem with the age of the system; (2) equating the 
geographic range of a species with its age; and 
(3) equating the specificity of ecological inter- 
actions with the age of the association denoted 
by the set of interacting species (see e.g., Boucot, 
1983a). Direct estimates of historical aspects of 
ecology are achieved by the use of phylogenetic 
systematic methods. In the most recent past, a 
number of workers have suggested that use of 
phylogenetic systematic techniques could help 
investigations in historical ecology (Hennig, 1966; 
Michener, 1967; Ross, 1972a, 1972b; Ashlock, 
1974). Thus, the distinction between the two ap- 
proaches is not between qualitative and quan- 
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titative measures, because both approaches have 
quantified protocols. The rest of this review will 
explicate three general types of questions that can 
be addressed by historical ecology and will con- 
sider the extent to which such efforts do in fact 
constitute an approach complementing evolu- 
tionary ecology. The examples that I will present 
are drawn from my research on the helminth 
parasite faunas of lower vertebrates, but I hope 
to show that the principles involved can be ex- 
tended to any type of ecological association. 


I. How did species occurring in a given area come 
to be in that area? 


This question encompasses two topics, the 
means by which a particular distribution was 
achieved and how long ago it took place. An 
historical answer can be provided for individual 
species or for entire community assemblages. I 
will provide examples of each. 

One of the fundamental advances of the past 
20 years in evolutionary biology has been the 
formal articulation of two different perspectives 
on the general manner by which species achieve 
their geographical distributions. These perspec- 
tives may be categorized loosely as the “island 
biogeography” paradigm (MacArthur & Wilson, 
1967) and the “vicariance biogeography” para- 
digm (Croizat et al., 1974; Platnick & Nelson, 
1978; Rosen, 1975, 1985). The first paradigm 
calls attention to the propensity for organisms to 
move about and the second reminds us that those 
movements may not be unconstrained. Among 
those most responsible for documenting the ex- 
tent to which geographic distributions are not 
random assemblages were Cain (1944), Camp 
(1947), and Wulff (1950). In general, the per- 
spective offered by both views is this: a species 
may be represented in a particular area because 
it evolved elsewhere and dispersed into that area, 
or it may occur in the area because it evolved 
there. In the first instance, the dispersal may have 
occurred a long time ago or relatively recently; 
in either case, there is no reason to expect the 
species’ history to be coordinate with the history 
of the area into which it dispersed. In the second 
instance, the species’ history must be coordinate 
with the history of the area. 

It is at this point that an empirical distinction 
between evolutionary ecology and historical 
ecology can be seen. Evolutionary ecology may 
be limited to indirect measures of history but 
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FIGURE 1. Cladogram depicting phylogenetic re- 


lationships of Proctocaecum species (redrawn from 
Brooks, 1981a). 


these can be applied to a single species or a single 
ecological association. Historical ecology by con- 
trast, can provide direct estimates of history, but 
only ifa number of close relatives for each species 
represented in any given association are consid- 
ered. Let us consider the following example. 
The genus Proctocaecum comprises a mono- 
phyletic group of digenetic trematodes inhabiting 
the intestines of crocodilians. Figure | depicts a 
phylogenetic tree for Proctocaecum (see Brooks, 
1981a). The relationships suggested by the phy- 
logenetic tree can be superimposed on a map 
(Fig. 2) and the question of vicariance or dis- 
persal can be asked. We note in Figure 2 that 
some of the contemporary species of Proctocae- 
cum are separated from each other by ocean that 
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crocodilians today do not traverse. In the case 
of these parasites, we also know that specific gas- 
tropod molluscs and some sort of small fish are 
required for completion of the life cycle; the dis- 
persal abilities of any parasite are constrained by 
the least vagile of its hosts. If we look at past 
geographic configurations to find the most recent 
period in which dispersal of this group of para- 
sites could be accomplished (Fig. 3), we notice 
that the sequence of speciation events suggested 
by the cladogram is coordinate with the geolog- 
ical history of the areas in which those species 
occur. This is highly suggestive that whatever 
dispersal might have occurred did not have an 
impact on the differentiation of species, which 
occurred in a manner coordinate with the history 
of the areas in which they now occur. In this 
example, our suspicion of vicariance, i.e., his- 
tory, as the explanation for the geographic dis- 
tribution of members of Proctocaecum is 
strengthened by observation that other digenetic 
trematodes inhabiting crocodilians exhibit the 
same distribution patterns (Fig. 4; see also Brooks, 
1979a). 

It is highly likely that many, if not most, eco- 
logical associations contain both vicariant and 
dispersalist elements. It is important to assess 
which components of an ecological association 
belong in each category in order to provide some 
assessment of the context in which particular in- 
teractions or ecological life history traits emerged. 
Historically associated lineages will all corre- 





















































FIGURE 2. Cladogram depicting phylogenetic relationships of Proctocaecum species superimposed on map 
depicting contemporary geography (redrawn from Brooks, 1979a). 
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Distribution pattern indicated by phy- 
logenetic relationships of Proctocaecum species over- 
laid on map depicting geography of the time period 
during which the study taxon could have achieved its 
present distribution (redrawn from Brooks, 1979a). 


FIGURE 3. 


spond to the same set of interrelationships of the 
areas in which their component species now oc- 
cur. Species that differentiated in other areas will 
support different patterns or relationships of areas. 
Any historically determined core of a given eco- 
logical association will be characterized by a set 
of species whose lineages have coordinate his- 
tories. Thus, it is not necessary to compare each 
lineage with geographic history, as one would if 
one were simply interested in historical biogeo- 
graphic questions (cf. Rosen, 1985). Multi-lin- 
eage comparisons can be performed qualitatively 
(Platnick & Nelson, 1978; Nelson & Platnick, 
1981; Rosen, 1985), or quantitatively. 

The quantitative protocol has been presented 
by Brooks (1981b) and will be discussed in the 
next section as well. It is based on the notion 
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Ficure 4. Generalized distribution patterns indi- 
cated by phylogenetic relationships of various groups 
of digenetic trematodes inhabiting crocodilians (re- 
drawn from Brooks, 1979a). 
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FiGuRE 5. Conversion of a cladogram (a) into a 
matrix of binary variables (b). 


that species can be considered characters of the 
areas in which they occur, and that lineages of 
species can be considered transformation series 
linking different areas in a historical pattern. 
Any given phylogenetic tree (Fig. 5a) can be con- 
verted into a matrix of binary characters (Fig. 
5b) which can then be analyzed phylogenetically 
to indicate the pattern of relationships between 
the evolution of the clade and the areas in which 
the various known species occur. Any number 
of groups can be analyzed together using this 
technique, producing a summary statement of 
the historical context of the species composition 
in the ecological associations considered. 

As an application of the above protocol, I have 
considered the parasitic helminths inhabiting 
neotropical freshwater stingrays and the areas in 
which they are known to occur [for a summary 
of the taxa, their phylogenetic relationships and 
their geographic distributions, see Brooks et al. 
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FIGURE 6. Summary cladogram depicting relation- 
ships among six areas (I-VI) in South America, based 
on phylogenetic relationships of helminth parasites in- 
habiting freshwater stingrays and living in those areas. 
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FIGURE 7. Summary cladogram from Figure 6 with 
numerical codes for genus Acanthobothrium indicated. 
l = A. quinonesi;, 2 = A. regoi; 3 = A. amazonensis; 
4 = A. terezae; 5 = common ancestor of | and 2; 6 = 
common ancestor of 3 and 5; 7 = common ancestor 
of 4 and 6. Slash marks accompanying numbers in- 
dicate presence in taxa; x mark indicates absence in 
area of predicted presence based on historical hypoth- 
esis. 


(1981la), Brooks et al. (1981b) and Brooks 
(1981b)]. Figure 6 represents the relationships 
among six geographic areas based on the phy- 
logenetic relationships of the parasites. Figure 7 
shows the distribution of traits for a wholly vi- 
cariant group, the members of the genus Acan- 
thobothrium. Each species (Nos. 1—4) and its in- 
ferred ancestor (Nos. 5-7) occurs only once on 
the cladogram, indicating perfect fit of the phy- 
logenetic tree to the set of relationships among 
the areas. The only possible discrepancy (signi- 
fied by 7X on area II) indicates a lack of any 
records for Acanthobothrium in area II (East 
Amazon). Based on the fit of the rest of the areas 
and Acanthobothrium, we would expect to find 
either A. terezae (4) or an undescribed species 
most closely related to A. terezae in area II. The 
distribution of members of Potamotrygonocestus 
(Fig. 8a), however, indicates a large amount of 
dispersal. Such dispersal can be inferred in two 
ways. First, there are four instances of observa- 
tions (2 of 10X, one each of 11X and 12X) in- 
congruent with the area relationships. Second, 
the phylogenetic tree for Potamotrygonocestus 
that best fits the observed distribution, shown in 
Figure 8b, suggests that taxon 10 is the ancestor 
of taxon 11. Phylogenetic analysis of the mor- 
phology of Potamotrygonocestus species places 
taxon 10 (P. amazonensis) as the sister-species 
of taxon 11, not its ancestor. Thus, this second 
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FIGURE 8. Summary cladogram from Figure 6 with 
numerical codes for genus Potamotrygonocestus indi- 
cated (a) and most parsimonious arrangement of nu- 
merical codes based on observed distributions (b). 8 = 
P. magdalenensis; 9 = P. orinocoensis; 10 = P. ama- 
zonensis; 11 = common ancestor of 8 and 9; 12 = com- 
mon ancestor of 10 and 11. 


view of the summary cladogram provides evi- 
dence of another historical incongruence be- 
tween Potamotrygonocestus spp. and the areas 
in which they occur. This is due, apparently, 
mostly to widespread dispersal of P. amazonen- 
SIS. 

In the case of Acanthobothrium, of the 8 no- 
tations on the summary cladogram, 7 are con- 
gruent with its phylogeny, yielding a consistency 
index (Kluge & Farris, 1969) of 87.5%, whereas 
for Potamotrygonocestus the consistency index 
is only 4 out of 9 or 44.4%. 

Below are summary statements about the evo- 
lution of the six communities. 

Parana. There is no indication of coloniza- 
tion of Parana rays by parasites differentiated in 
other areas. Nor do we know of any local para- 
sites that have expanded their habitats to include 
potamotrygonids. Of the six communities iden- 
tified, this appears to be the earliest one differ- 
entiated (see Brooks et al., 198 1b). Subsequently, 
there appears to have been a good deal of dis- 
persal from the Parana to the East Amazon to 
the Orinoco following differentiation of the Para- 
na fauna, but little dispersal into it. 

West Amazon. This area also shows no in- 
dication of colonization of rays from other areas, 
or from local parasites normally associated with 
non-stingray hosts. It contains two species that 
are widespread in distribution. The Parana com- 
munity is its closest, and apparently vicariant, 
relative. 

Magdalena. With the exception of one species 
that also occurs in the Maracibo area, all known 
parasites found in stingrays in this area are en- 
demics. This includes Paravitellotrema over- 
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FIGURE 9. Summary of sources of community 
members for six communities of freshwater stingray 
parasites in South America. The four encircled areas 
represent communities having a substantial historical/ 
coevolved core. The two areas indicated by shaded 
triangles are communities having at most a single en- 
demic species. The arrows indicate non-historical con- 
tributions from one community to another. Refer to 
text for particulars. 


streeti, which represents a group of digeneans 
normally parasitizing siluriform and characid te- 
leosts. The other endemics apparently vicariated 
in the area, with one species dispersing into the 
Maracibo area. 

The above three communities appear to be 
primarily vicariant communities some of whose 
members have dispersed into other areas. The 
next three communities present more interesting 
histories. 

Maracaibo. This area has only a single, en- 
demic, species of stingray. That stingray is known 
to host three species of helminth parasites, Acan- 
thobothrium quinonesi from the Magdalena fau- 
na, Potamotrygonocestus amazonensis from the 
West Amazon fauna, and Rhinebothroides ve- 
nezuelensis from the Orinoco fauna. With ap- 
parent colonizing influences from three different 
communities, each with endemic species of 
Acanthobothrium, Potamotrygonocestus, and 
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FıcureE 10. Observed associations between pairs of 
species (a), resulting from historical association (b), or 
from colonization (c) (redrawn from Brooks & Mitter, 
1984). 


Rhinebothroides, it is interesting that only a sin- 
gle species in each genus is established in the 
Maracaibo area. Perhaps this indicates some- 
thing of the competitive abilities of the various 
parasites or perhaps it simply reflects uneven dis- 
persal of suitable intermediate hosts. The latter 
seems more likely when Maracaibo is contrasted 
with the Orinoco (see below). The topology of 
the relationships among these parasites and their 
host does not differ from that in endemic areas. 

East Amazon. There is only one endemic 
species of stingray helminth found in this area, 
Rhinebothroides freitasi. One other species is a 
colonizer from the West Amazon fauna. Several 
species have been acquired secondarily from lo- 
cal teleostean hosts. The rest are derived from 
the Parana fauna through dispersal. This com- 
munity comes closest to being an “island bio- 
geography” assemblage. 

Orinoco. This area contains two different 
major faunas of potamotrygonid parasites, one 
derived through vicariance and one derived 
through dispersal from the Parana through the 
East Amazon with subsequent differentiation. To 
the first group belongs Rhinebothroides venezue- 
lensis, Potamotrygonocestus orinocoensis, Acan- 
thobothrium regoi, and Echinocephalus daileyi. 
To the second belongs Rhinebothrium paratry- 
goni, Eutetrarhynchus araya, and Rhineboth- 
roides scorzai and R. glandularis. In contrast with 
Maracaibo, where a restricted fauna comprising 
a single species from three different faunas oc- 
curs, two faunas coexist in the Orinoco. If we 
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FIGURES 11-14. Documenting degree of historical 
association between members of ecological associa- 
tions.—11. Cladogram of four genera comprising the 
trematode family Liolopidae.— 12. Cladogram repre- 
senting phylogenetic relationships of hosts for liolo- 
pids.—13. Matrix of binary characters representing 
cladogram (a) in Figure 10.—14. Host relationships 
predicted by phylogenetic relationships of their liolo- 
pid parasites (redrawn from Brooks, 1981b). 


include the occurrence of Potamotrygonocestus 
amazonensis from the West Amazon fauna via 
dispersal, and the occurrence of Megapriapus un- 
griai from local teleosts, more than two faunas 
coexist. That this coexistence is real may be at- 
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tested to by the fact that specimens of all three 
species of Rhinebothroides known from the Ori- 
noco have been collected in a single host. 

One difference between the Maracaibo and 
Orinoco faunas may be the occurrence of at least 
three species of potamotrygonid stingrays in the 
Orinoco and only one in Maracaibo. Brooks’ 
(1981b) analysis of the host—parasite relation- 
ships of potamotrygonids using the analytical 
technique described herein placed two of those 
hosts, Potamotrygon hystrix and P. reticulatus, 
in different parts of the cladogram (see Fig. 15). 
Potamotrygon reticulatus was related more 
closely to the Parana rays examined (P. falkneri), 
and P. hystrix was more closely related to P. 
circularis from the West Amazon. The Orinoco 
thus acts like two or three communities that have 
joined to form a larger community. Figure 9 
summarizes the sources of components in these 
various communities. 

Evolutionary ecologists are interested in the 
effects of different kinds of ecological phenom- 
ena, such as colonization, competition, and sym- 
patric speciation. Information of the sort pro- 
vided by this kind of study could be used to 
identify effective ecological associations that owe 
their present configuration to different processes. 


II. How do two or more species with a “close 
and evident ecological relationship” (sensu 
Ehrlich & Raven, 1964) come to be related 
that way? 


This is the question addressed by the concept 
of coevolution as defined by Brooks (1979b), 
Mitter and Brooks (1983), and Brooks and Mitter 
(1984). Associated species (Fig. 10a) may be so 
because they inherited an ecological relationship 
from their ancestors; this is a state of association 
by descent. Alternatively, species may be asso- 
ciated presently but differentiated prior to their 
association; this is association by colonization. 
In the first case, the histories of the two associates 
will be coordinate (Fig. 10b) and, in the second, 
they will not be coordinate (e.g., Fig. 10c). 

One type of ecological association for which 
such evidence is fairly abundant is that of host- 
parasite associations. For example, Figure 1 | de- 
picts the relative phylogenetic relationships of 
four groups of vertebrates, and Figure 12 is a 
cladogram of four genera of closely related di- 
genetic trematodes. Following the method of 
Brooks (1981b), the parasite cladogram can be 
considered a character-state tree, or transfor- 
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mation-series (Hennig, 1966), of the host group, 
converted into a matrix of binary codes (Fig. 13), 
and used to classify the hosts (Fig. 14). Points of 
agreement between host phylogeny and parasite- 
derived host relationships support association by 
descent; points of disagreement represent epi- 
sodes of colonization. Note the parallels between 
the documentation of historical and non-histor- 
ical associations between species and the docu- 
mentation of historical and non-historical geo- 
graphic distributions. 

This parallel can be extended to include anal- 
ysis of more complex systems than two-species 
interactions. Consider a multi-species ecological 
association. Those having historical associations 
will all have coordinate histories, whereas col- 
onizers will each have a unique connection with 
the association. Figure 15 presents two different 
groups that have slightly different speciation pat- 
terns but that both have historical associations 
with the same host group. Note that the host 
relationships postulated by both parasite groups 
are the same. For any parasite fauna, or for any 
multi-species ecological association, the pattern 
of host relationships supported by coordinate 
parasite phylogenies will be coordinate with the 
host phylogeny. From a summary cladogram 
produced in this manenr (e.g., Fig. 16), summary 
statements about the historical components of 
an ecological association can be produced. The 
digenetic trematode fauna of crocodilians, for 
example, comprises many species acquired by 
colonization from predatory fish (through inges- 
tion of common intermediate hosts). Despite this, 
analysis of the total fauna either qualitatively 
(Brooks, 1979a) or using the method discussed 
above (Brooks, 1981b) shows agreement with the 
host group phylogeny. Recently, a student in my 
laboratory (O’Grady, unpubl. data) has shown 
that the phylogenetic relationships of nematode 
parasites of crocodilians, which also include a 
number of colonizers, produce a summary state- 
ment of host relationships coordinate with host 
phylogeny. 

Before moving on to the third area of discus- 
sion, I would like to mention an alternative 
quantitative approach. This is the “nearest 
neighbor” method of Mickevich (1981), intro- 
duced as a tool in analytical biogeography. In his 
study of crocodilian nematodes, O’Grady (un- 
publ. data) compared results obtained using both 
Brooks’ (1981b) and Mickevich’s (1981) meth- 
ods. The results were the same in both cases. 
Thus, it appears that there is a unified quanti- 
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Ficure 15. Finding congruent historical aspects of 
ecological associations. (a) and (e) are cladograms for 
groups of taxa associated with another group [(b) and 
(f)], (c) and (g) are binary matrices representing clado- 
grams in (a) and (e), (d) is a cladogram depicting fit of 
phylogenetic relationships of the group in (a) to the 
group in (b), and (h) is a cladogram depicting fit of 
phylogenetic relationships of the group in (e) to the 
group in (f) (redrawn from Brooks, 198 1b). 


tative approach, at least implicitly, available for 
studies of historical ecology. 


III. Under what conditions did the ecological 
life history traits that we observe today 
emerge? 


This category provides historical ecological 
contributions to questions concerning the evo- 
lutionary effects of competition and the occur- 
rence of adaptive radiations. It allows possible 
distinction between factors responsible for the 
maintenance of traits seen today and factors re- 
sponsible for the emergence of those traits in the 
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FIGURE 16. Cladogram depicting phylogenetic re- 
lationships among eight species of neotropical fresh- 
water stingrays based on the phylogenetic relationships 
of their helminth parasites (redrawn from Brooks, 
198 1b). 


first place (see also Ross, 1972b). Evolutionary 
ecology, by virtue of its reliance on indirect es- 
timates of history, must rely on a form of uni- 
formitarianism—if competition maintains traits 
today, it was responsible for their origin in the 
past. 

Historical analysis also allows one to compare 
the relative degree of parallel (sometimes called 
adaptive) evolution exhibited by different groups. 
Parasites, for example, are supposed to be par- 
adigms of adaptive radiations (Price, 1977, 1980). 
And yet, recent studies of various groups of para- 
sitic worms (Brooks & Glen, 1982; Brooks et al., 
1985a, 1985b) have documented consistency in- 
dices of 0.74 to 0.95, suggesting very low levels 
of parallel evolution. 

Lastly, by preparing a cladogram for a given 
group of organisms based on non-ecological traits 
(i.e., structural rather than functional traits), then 
mapping ecological diversification onto the tree 
(Farris optimization: Farris, 1970), one can de- 
termine whether ecological diversification pre- 
cedes or lags behind morphological diversifica- 
tion (see e.g., Ross, 1972a, 1972b; Resh et al., 
1976; Morse & White, 1979). Such analyses can 
have startling effects. Brooks et al. (1985b) re- 
cently finished a family-level analysis of dige- 
netic trematodes, based on 211 morphological 
characters. When all data for six different cate- 
gories of ecological diversification were mapped 
onto the cladogram, only 26% of the tree was 
resolved. The historical picture is one of ecolog- 
ical diversification lagging behind morphological 
diversification. Ross (1972b) estimated that one 
ecological shift occurs for approximately 30 spe- 
ciation events in phytophagous insects. Boucot 
(1983b) has suggested that this ecological con- 
servatism is a general picture in the fossil record. 
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possible evolutionary explanations for observed eco- 
logical associates and individual ecological life history 
traits. H = historical, or inherited; R = recent, or mod- 
ified in the given case. 


The applications of historical ecological anal- 
ysis in this third area are just beginning. I will 
now present a case study to illustrate the kinds 
of applications I envision for historical ecology. 

We may establish the topology of interactions 
for a given ecological association by direct ob- 
servation. I have tried to show that it is possible 
to establish robust hypotheses of the relative re- 
cency of association among the members. By us- 
ing those two types of data, it is possible to es- 
timate the extent to which contemporary 
interactions are responsible for ecological life 
history traits. Species may occur together be- 
cause they evolved together, vicariantly, or be- 
cause at least one dispersed from its area of or- 
igin. Ecological life history traits exhibited by 
two or more interacting species may be traits 
inherited unchanged from ancestors or they may 
be traits that evolved concomitantly with the 
contemporary association. Figure 17 summariz- 
es the four possible combinations of circum- 
stances this provides. 

For members of a vicariant association whose 
ecological interactions result from plesiomorphic 
(ancestral) ecological life history traits, their in- 
teractions may be completely explained by ref- 
erence to historically determined properties of 
the organisms, namely, their inherited traits and 
their geographical history. There may also be 
associations in which at least one member has 
dispersed from its area of origin but for which 
interactions still result from expression of ple- 
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siomorphic ecological life history traits. For such 
associations only the contemporary ability of one 
(or more) of the species involved to disperse need 
be added to the historically determined traits to 
explain the observed interactions. For neither of 
these two classes of observations may contem- 
porary ecological interactions be logically in- 
volved to explain the traits exhibited by the 
species involved. 

The other two classes of observations are char- 
acterized by ecological life history traits unique 
to (evolving concomitantly with) a given con- 
temporary association. Those traits may have 
arisen independently of ancestral interactions or 
may have arisen as a result of ancestral inter- 
actions. Only for the latter case can it be said 
that influences extrinsic to the organism, in this 
case the ecological interactions of other species, 
were responsible in any way for a particular set 
of traits that we observe today. 

In many cases, it is possible for different equal- 
ly-parsimonious interpretations of the ancestral 
condition to be postulated (Farris, 1970; Mick- 
evich, 1982; Swofford & Maddison, unpubl. data). 
The examples that I will present next have been 
chosen so that they are relatively unambiguous, 
but research into the properties and assumptions 
of various optimization schemes for predicting 
ancestral traits is of utmost importance for ap- 
plying this technique generally. 

Holmes (1973) reported that the digeneans 
Psettarium sebastodorum and Aporocotyle mac- 
farlani, inhabiting the circulatory system of 
rockfishes, exhibited little niche overlap. Pset- 
tarium sebastodorum occurs almost exclusively 
in the heart whereas A. macfarlani is almost en- 
tirely restricted to the blood vessels of the gill 
arches. Holmes assumed that parasite commu- 
nity structure is affected to a large degree by in- 
terspecific competition. From this, he concluded 
that the non-interactive site selection by the two 
species of blood flukes was de facto evidence of 
past competition. 

Rohde (1979) examined the same data as 
Holmes. He assumed that natural selection could 
explain the observed differences in site selection 
easily. All one need do is invoke the notion that 
selection would favor flukes that clumped to- 
gether in the host because they would have a 
higher probability of mating. His conclusions: 
one need not invoke competition to explain the 
observations. The data are evidence of the effec- 
tiveness of natural selection. 

Price (1977, 1980) also examined Holmes’ data. 
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FIGURE 18. Predicted sets of cladograms for rock- 
fish hosts and two groups of blood flukes, including the 
site selection traits for the flukes, under each of the 
four contingencies listed in Figure 17.—a. Historically 
determined association and traits. —b. Historically de- 
termined traits, recent (colonizing) association.—c. 
Historically determined association, recent (autapo- 
morphic) traits.-d. Recent (colonizing) association and 
recent (autapomorphic) traits (redrawn from Brooks, 
1980a). 


His assumption was that parasite communities, 
because they are generally found to be below 
MacArthur-Wilson (MacArthur & Wilson, 1967) 
equilibrium, are never established and persistent 
for long periods but are always young colonizing 
communities. He further asserted that general- 
ized parasites are young colonizers and special- 
ized parasites are not. Given the two specialized 
parasites in a young colonizing community, Price 
concluded that the parasites were pre-adapted to 
their specialized niches and therefore colonized 
them. Competition and selection played mini- 
mal roles in their site selection in rockfish. 
Finally, Brooks (1980a, 1980b) suggested that 
the parasites could be part of a coevolving fauna, 
that is, a vicariant ecological association, exhib- 
iting plesiomorphic ecological life history traits 
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for site specificity (habitat loyalty). The four dif- 
ferent opinions each correspond to one of the 
general classes listed in Figure 17 and are shown 
in Figure 18. Brooks (1980a, 1980b) suggested 
that each of the four explanations predicted an 
explicit set of phylogenetic relationships and shifts 
in characters and/or hosts. 

For Brooks’ contention to be correct, the two 
different parasites must exhibit a vicariant 
(= coevolving) relationship with the same host 
group and must exhibit plesiomorphic life his- 
tory traits. Figure 18a summarizes those attri- 
butes. Price’s hypothesis (Figure 18b) would not 
differ too greatly, except that either Psettarium 
or Aporocotyle, or both, would be colonizers in 
rockfish, so the host—parasite relationships in- 
dicated by each parasite group would differ. 
Rohde’s hypothesis involves hosts and parasites 
that are together for a considerable period of time 
during which natural selection promotes pro- 
gressively narrower site selection. This is shown 
in Figure 18c, where the parasites exhibit vicar- 
iant host relationships as well as autapomorphic 
ecological life history traits. Finally, we consider 
Holmes’ hypothesis of competitive interactions 
mediating site selection (Fig. 18d). Corrobora- 
tion of this class of hypotheses requires both ele- 
ments of dispersal and the expression of auta- 
pomorphic traits relevant to the dispersal. 
Autapomorphic traits are features of the evolu- 
tionary context of the ecological interactions. 

Holmes and Price (1980) attempted to analyze 
the Psettarium/Aporocotyle/rockfish system ac- 
cording to the above protocol. They concluded 
that there was no historically determined com- 
ponent in the interaction. Both species of para- 
sites were deemed to be colonizers of rockfish 
and were “ecological specialists” in other hosts. 
Note that this corresponds to the situation found 
in Figure 18b, in which the ecological life-history 
traits exhibited are plesiomorphic, that is, his- 
torically constrained. Thus, Holmes and Price 
were incorrect in asserting that their conclusions 
supported strict ecological determinism. They 
also asserted that: “... the genealogies of para- 
sites and their hosts are clearly not congruent 
(eliminating all four cases of Brooks’ Figure 4).” 
Brooks’ “Figure 4” refers to Figure 18. Note that 
for only Figure 18a and 18c are host and parasite 
genealogies congruent. Note also that Figure 18b 
corresponds to the conclusions Holmes and Price 
drew. Thus, they were also incorrect in saying 
that they had eliminated all four cases Brooks 
(1980a) proposed. These inconsistencies in their 
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conclusions led me to re-examine Holmes and 
Price’s phylogenetic hypotheses. Regarding Pset- 
tarium, they wrote: “The genealogy of three 
species of Psettarium is not clear (see differen- 
tiating characteristics in Holmes, 1971). How- 
ever, it does not appear that P. japonicum and 
P. tropicum are more closely related to each oth- 
er than to P. sebastodorum. The male terminal 
genitalia of P. sebastodorum are more similar to 
those of P. japonicum than to those of P. tropi- 
cum, suggesting the genealogy of figure 2B.” Upon 
examining the primary literature, I found that 
the similarity in male terminal genitalia between 
P. sebastodorum and P. japonicum is based on 
their possession of a cirrus sac (a bag containing 
the male intromittent organ)—P. tropicum lacks 
a cirrus sac. However, the presence of a cirrus 
sac is plesiomorphic not just for fish blood flukes, 
but for all flukes. Therefore, its absence in P. 
tropicum is not indicative that P. sebastodorum 
and P. japonicum are each other’s closest rela- 
tives. However, P. tropicum and P. japonicum 
are both wide-bodied, whereas P. sebastodorum 
is slender and elongate. In order to determine 
which trait might be plesiomorphic, we needed 
to examine close relatives (out-groups) of Pset- 
tarium spp. Manter (1954) had stated that the 
differences between Psettarium and the genus 
Cardicola were “not clear” and “seemed rather 
inadequate.” Holmes (1971) stated: “These two 
genera [Psettarium and Cardicola] are very sim- 
ilar, and certainly do not belong to different 
subfamilies.” Of the nine species of Cardicola, 
some are elongate and some have wide bodies. 
Finding no clearcut support within Cardicola, I 
then examined two other related species, namely, 
Paracardicola hawaiiensis and Neoparacardico- 
la nasonis. Both of these species have two testes, 
the plesiomorphic condition for flukes. Members 
of Cardicola and Psettarium have only one tes- 
tis; thus, they would seem to form a monophy- 
letic group based on that trait. Both P. hawaiien- 
sis and N. nasonis are elongate worms, suggesting 
that elongate bodies are plesiomorphic for the 
group. Thus, Psettarium tropicum and P. japoni- 
cum would be closest relatives based on sharing 
the apomorphic trait of wide bodies. Psettarium 
is supposed to be discrete from Cardicola by 
virtue of possessing a bend in the posterior mar- 
gin of the body at the point of the male genital 
pore. However, Neoparacardicola nasonis ex- 
hibits that trait, making it either a convergent 
trait or a plesiomorphic trait among these flukes. 
Thus, Psettarium has no real support as a mono- 
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Figure 19. Cladogram depicting phylogenetic re- 
lationships of species of Aporocotyle, a genus of blood 
flukes inhabiting fish. 


phyletic group distinct from Cardicola. Cardi- 
cola, however, has been distinguished only be- 
cause it lacks the body bend of Psettarium; thus, 
there is no character support for Cardicola as a 
real group either. I will return to this point later. 

The genealogy for Aporocotyle presented by 
Holmes and Price (1980) suffers from similar 
analytical flaws. Much of their cladogram is based 
on presence or absence and arrangement of body 
spines and number of testes. All members of 
Aporocotyle have multiple testes, as do members 
of their closest relative, Sanguinicola. However, 
as mentioned before, the plesiomorphic number 
of testes in flukes is two. Holmes and Price’s 
genealogy of Aporocotyle arranges species begin- 
ning with those having more than 130 testes and 
terminating with those having 25-32 testes. Out- 
group comparisons would support a reversal of 
that trend. In addition, enlarged lateral body 
spines are used as indicators of relationships 
among species of Aporocotyle, even though San- 
guinicola spp. have them as well. Figure 19 de- 
picts the phylogenetic hypothesis best supported 
by those characters re-interpreted in strictly phy- 
logenetic terms. 

In Figure 20, the cladogram for Aporocotyle 
and one for the three Psettarium species are dis- 
played, with their host groups superimposed in 
place of species names. Although there is not 
much resolution, there is no evidence supporting 
host-switching. The possible vicariant associa- 
tion between the two groups of blood flukes and 
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FiGureE 20. Host relationships indicated by phy- 
logenetic relationships of Psettarium spp. (top) and 
Aporocotyle spp. (bottom). 


the various host groups could be better examined 
if species of Psettarium occurred in cottoids or 
scombroids. Interestingly, four species of Car- 
dicola occur in cottoids and three in scombroids. 
At least one of those occurring in cottoids, C. 
laruei, has a wide body like P. japonicum and 
P. tropicum. [The remaining two species of Car- 
dicola inhabit mugiloid and labroid fishes, re- 
spectively.] Figure 21 shows Figure 20a redrawn 
to include the species of Cardicola; Figure 22 
shows the relative relationships of the fish groups 
involved and their associated blood flukes. 

The new analysis demonstrates no incongru- 
ence among the host and parasite cladograms 
(Fig. 23). However, the vast majority of species 
of fish in each of the host groups have no blood 
flukes reported from them. This suggests that 
(sampling error aside) although both groups of 
blood flukes have coevolved with their hosts, 
that coevolution has been marked by indepen- 
dent failure of the two groups of flukes to persist 
in all evolving host lineages. The absence of par- 
asites from many hosts does not indicate the de- 
gree of relationship among those that survive. It 
is not inconsistent with coevolution that in only 
one known case do members of Aporocotyle and 


674 





Phylogenetic relationships of Psetta- 


FIGURE 21. 
rium spp. (P. japonicum, P. tropicum, P. sebastodo- 
rum), Cardicola spp., and two outgroups (Paracardi- 
cola and Neoparacardicola). Note that Psettarium is 
polyphyletic and Cardicola is paraphyletic. 


Psettarium-Cardicola occur in the same host. 
This is especially true if the hosts in which the 
co-occurrence happens are relatively primitive, 
as they are in this case. 

Having established the temporal context of the 
association between Aporocotyle macfarlani, 
Psettarium sebastodorum, and Sebastes spp., we 
may now examine the possibility of interactive 
or non-interactive factors determining the site- 
selection exhibited by the parasites. For this we 
take the two parasite cladograms and superim- 
pose their habitat site rather than the species 
names at the ends of the branches. We then es- 
timate the ancestral conditions by means of 
“Farris optimization” (see Kluge & Farris, 1969; 
Farris, 1970) (Figs. 24, 25). Having those data, 
we may see that A. macfarlani occurs in the gills 
because its ancestor was a gill-inhabiting parasite 
but P. sebastodorum is most likely descended 
from a species that inhabited the mesenteric blood 
vessels. Thus, P. sebastodorum exhibits an aut- 
apomorphic trait for site selection. This would 
appear to support Rohde’s hypothesis, for that 
species at least. However, no other species in the 
group shows a similar tendency. The shift in traits 
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FIGURE 22. Host relationships indicated by phy- 
logenetic relationships of Psettarium/Cardicola spp. 





FIGURE 23. 
ported by both Aporocotyle spp. (A) and Psettarium/ 
Cardicola spp. (PC). Note congruence. 


Summary set of host relationships sup- 
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FIGURE 24. Summary of site selection traits for species of Aporocotyle. Arrows indicate required evolutionary 
changes; question mark indicates unknown data; star indicates A. macfarlani. 


would not seem to be explicable in terms of com- 
petitive exclusion, because A. macfarlani does 
not occur in the mesenteric blood vessels. The 
change in site by P. sebastodorum does not seem 
to be correlated with an extrinsic variable, so we 
conclude that the structure of this ecological as- 
sociation is historically determined. This con- 
trasts with the South American freshwater sting- 
ray parasite associations that include some 
colonizers. 

It is important to emphasize that historical 
evidence for adaptive changes of the type sought 
by evolutionary ecologists appear as exceptions 
to the historical pattern of structural and func- 
tional traits. Adaptive shifts are manifested by 
the same, or highly similar, traits arising in species 
that are not each other’s closest relatives, but that 
share common ecological regime, in which the 
convergent traits are correlated with that partic- 
ular ecological regime. In asking the question, 
“How often do such shifts occur?,”” Ross (1972b) 
concluded that for a survey of various insect 
groups the answer was 1—20%, with an average 
of about 3% (one in every 30 speciation events). 
This accords well with my studies of parasitic 
helminths. If this is generally true, there does not 
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FIGURE 25. Summary of site selection traits for 
species of Psettarium/Cardicola. Arrows indicate re- 
quired evolutionary changes; star indicates P. sebas- 
todorum. 
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FIGURE 26. Demonstration that degree of co-ac- 


commodation (host specificity) need not be great in 
order for the method proposed in this study to detect 
historical patterns.—a. Depicts a host taxon’s phylo- 
genetic relationships. — b. Shows that the parasite taxon 
1-2-3-4 has co-speciated with the host taxon.—c. De- 
picts broadening co-accommodation by some mem- 
bers of the parasite taxon; note that co-speciation of 
ABCD and 1-2-3-4 can still be discerned.—d. Depicts 
the host-parasite relationships of parasite taxon 1-2- 
3-4 if B and D are no longer host members of the 
parasite taxon. In this case, even though a number of 
unrelated hosts are used, the historical pattern is still 
present (redrawn from Brooks, 198 1b). 


seem to have been enough ecological diversifi- 

cation to explain evolutionary diversification. 
If historical constraints play a major role in 

determining ecological structure, we would ex- 
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pect to find evidence of them at higher systematic 
levels than the species. As mentioned before, 
Brooks et al. (1985b) recently presented a phy- 
logenetic analysis of the 62 families of digeneans 
(to which Psettarium, Cardicola and Aporocotyle 
belong). Only 26% of the groupings and 35% of 
all branches on the phylogenetic tree were char- 
acterized by ecological changes. Classes of eco- 
logical traits considered were: (1) changes in de- 
velopmental programs producing increased 
numbers of infective larvae, (2) changes in en- 
cystment behavior of infective larvae, (3) shifts 
in first host, (4) acquisition of and shifts in second 
hosts, (5) shifts in final host, and (6) changes in 
site of infection in the final host. Ecological 
changes definitely lagged behind morphological 
changes. Trends seen in species-level analyses are 
found in family-level analyses as well, attesting 
to the influence of historical constraints on eco- 
logical diversification. 


SUMMARY 


Historical ecology provides a missing com- 
ponent in studies of the evolution of ecological 
associations—history. This may seem like a 
strange assertion, since it is certainly true that 
evolutionary ecologists are vitally interested in 
historical phenomena. I think two perceptions 
have led to the exclusion of historical compo- 
nents in evolutionary ecology. The first is the 
perception that there exists no protocol for pro- 
ducing direct estimates of history that has any 
degree of empirical rigor. I hope that my few 
examples and the rest of the contributions in this 
volume provide reason for optimism that such 
a protocol is now firmly entrenched. The second 
perception goes something like this: even if we 
could provide direct estimates of history, the in- 
direct measures we use now give us the same 
answers. Historical ecology allows us to inves- 
tigate this perception. 

In the past, I have examined three components 
of the evolutionary ecology of host—parasite sys- 
tems: (1) “equilibrium” numbers of species, (2) 
host specificity, and (3) “‘resource-tracking”’ 
models (see Brooks, 1979b, 1980a, 1980b, 
1981b). Consider the following possibilities de- 
rived from historical analysis. Suppose we dis- 
cover an association that is very old and histor- 
ically structured, such as the Parana River system 
stingray parasite fauna, and yet that association 
exists below predicted “equilibrium” numbers. 
Price (1980) noted that parasite communities 
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generally exist below equilibrium numbers and 
used that observation as evidence that parasite 
community structure reflects young, colonizing 
phenomena. From the historical perspective, it 
seems that the notion of “equilibrium” numbers 
of species may be an artifact of one theory of 
community evolution rather than empirical ne- 
cessity. 

Now let us consider the question of host spec- 
ificity from the historical perspective. I have sug- 
gested previously that degree of host specificity 
is decoupled from historical association of lin- 
eages. Figure 26 provides an example of this. 
Notice that no matter what differences exist in 
degree of host specificity, the history of the par- 
asite lineage is still coordinate with that of the 
original host lineage. Conversely, it is not nec- 
essarily true that very pronounced (host) speci- 
ficity indicates a long-standing association. Fi- 
nally, a related concept is that of “resource 
tracking” models of coevolution (see e.g., Keth- 
ley & Johnston, 1975). Resource-tracking models 
imply a set of specific historical predictions that 
are seldom, if ever, acknowledged. Chief among 
these is the assertion that not only do ancestors 
always persist, ancestors are always among the 
known species at any given time (see Brooks, 
1981b for a fuller discussion). Thus, it seems that 
it is not true that the indirect estimates of history 
will always provide the same answers as expla- 
nations derived from direct estimates of history. 
Hence my assertion, at the beginning of this re- 
view, that historical ecology provides a comple- 
mentary approach with evolutionary ecology to 
attaining insights into causal mechanisms of the 
evolution of ecological associations. Certainly the 
most interesting questions will involve cases in 
which the two approaches give different answers. 

Finally, I would like to comment on the view, 
from historical ecology, of the current enthu- 
siastic exchanges among ecologists concerning the 
relative merits of “competition” or “random as- 
sociation” null hypotheses in explaining the 
structure, or organization, of communities (see 
Lewin, 1983a, 1983b for a review). To do so, we 
must first represent the question in historical 
terms, then produce maximum randomness and 
minimum randomness configurations. I tried to 
show how to represent such questions in histor- 
ical terms using the fish blood fluke example. A 
convenient measure of the relative randomness 
of an association of species and their ecological 
life history traits is the statistical entropy of the 
community ensemble. Using the method pi- 
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oneered by Karreman (1955) and modified for 
use in examining phylogenetic questions (Wiley 
& Brooks, 1983), it is possible to show that the 
minimum randomness configuration is the one 
that is wholly determined historically. It is also 
possible to show that maximum randomness is 
not achieved by a random assemblage of species 
with fixed traits, but by the assemblage (random 
or not) of species with unlimited polymorphism 
for ecological traits; in other words the maxi- 
mum randomness null hypothesis is indistin- 
guishable from a maximum competition model 
when viewed historically. Somewhere in between 
lie all systems experiencing some competitive 
interactions. All of these are relatively more ran- 
dom than historically determined ecological as- 
sociations. Thus, from the perspective of histor- 
ical ecology, it is difficult to understand the 
hypothesis that competition is an organizing force 
in evolution. Accounting for such differences in 
perspective should provide exciting research 
projects in the future. 
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